Retinoic acid (RAR) and retinoid X receptors (RXR) are essential in the transcriptional actions of retinoids. To date, RAR and RXR have not been examined in precancerous lesions and/or ductal carcinoma in situ (DCIS) in human breast. Therefore, we examined RAR and RXR subtypes in DCIS (58 cases), atypical ductal hyperplasia (ADH) (32 cases), and proliferative disease without atypia (PDWA) (32 cases) to study the status of these RARs and RXRs. Immunoreactivities for RAR α α α α, RXR α α α α, RXR β β β β, and RXR γ γ γ γ were all detected in the nuclei of normal ductal epithelia. 
Immunoreactivity for RAR
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Vitamin A-derived retinoids are well known to regulate cell proliferation and differentiation in a wide range of tissues and cell types. 1, 2) Retinoids can also inhibit the proliferation of a large variety of normal and neoplastic cell types in vitro, [3] [4] [5] [6] [7] and recently they have been used successfully in the treatment and prevention of a number of human malignant neoplasms, such as acute promyelocytic leukemia. 8, 9) These effects are mainly mediated by two classses of nuclear retinoid receptors, which belong to the steroid/thyroid hormone receptor superfamily, retinoic acid receptors (RARs) [10] [11] [12] [13] [14] and retinoid X receptors (RXRs). [15] [16] [17] Retinoid receptors are known to function as heterodimers of RAR and RXR, or as RXR homodimers, and to activate transcription in a ligand-dependent manner by binding to retinoic acid-responsive elements (RAREs) located in the promoter region of various target genes. 18) Both RARs and RXRs are composed of three subtypes: α, β, and γ. The expression patterns of these retinoid receptor subtypes have been considered to regulate the expression of distinct target genes and the actions of retinoids. 19) Despite the established roles of retinoids in the inhibition of growth in human breast cancer cell lines, [20] [21] [22] and the potential roles of retinoids in chemoprevention or therapy of breast cancer, 6, 23) relatively limited information is available on the expression of retinoid receptors and/or the actual biological effects of retinoids in human breast carcinoma tissues. In advanced human breast carcinomas, an increased expression of RAR α has been reported, 24) and recently, decreased expression of RAR β mRNA has been reported. 25) Chemoprevention utilizing retinoids appears to be more effective in the early phase of cancer, or in the premalignant phase than in the advanced phase of cancer. 3, 26, 27) However, expression of retinoid receptors has been little studied in the early phase of breast cancer, i.e., ductal carcinoma in situ (DCIS) 28) or other intraductal proliferative lesions such as atypical ductal hyperplasia (ADH). The anti-proliferative effects of retinoids have been recognized mainly in hormone-dependent or estrogen receptor (ER)-positive breast carcinoma, but hardly in hormone-independent or ER-negative breast carcinoma. [29] [30] [31] Additionally, it is known that there are more ER-positive cases in lowgrade DCIS than in high-grade DCIS, or invasive breast carcinoma. [32] [33] [34] Therefore, in this study, we examined the expression of RARs and RXRs in both benign human breast tissue and in human breast in situ carcinomas. We also examined the correlations among these findings, ER α status, progesterone receptor (PR) status, Ki67 labeling index (LI), c-erbB-2 overexpression, and p53 mutation, in order to further characterize the biological significance of these retinoid receptors in breast carcinoma.
MATERIALS AND METHODS
Cases Surgical pathology specimens were retrieved from the pathology files of Tohoku University Hospital, Sendai, Kawasaki University Hospital, Kurashiki, and Tohoku Kousai Hospital, Sendai. These specimens included 58 cases of DCIS, 32 cases of ADH, and 32 cases of proliferative disease without atypia (PDWA) including moderate and florid hyperplasia of the usual type. Pathological diagnosis was based on the criteria of Dupont and Page 35) and of Ottesen et al. 36) Classification of DCIS was based on the Consensus Conference on the Classification of Ductal Carcinoma In Situ in 1997. 37) Non-pathological breast tissues were available for examination in 13, 12 and 12 cases of DCIS, ADH and PDWA, respectively. All of these specimens were fixed in 10% formalin for 24 to 48 h and embedded in paraffin. Antibodies Polyclonal antibodies for RAR α (sc-551), RAR β (sc-552), RAR γ (sc-550), RXR α (sc-553), and RXR γ (sc-555) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Polyclonal antibody for RXR β was kindly given to us by Dr. Sugawara (2nd Department of Internal Medicine, Tohoku University, Sendai). The detailed characterization of this antibody has been reported. 38) Antibodies against ER α, PR, P53, and c-erbB-2 and Ki67 antibody (MIB1) were commercially obtained. The source, optimal dilution, and pretreatment method for immunostaining are summarized in Table I .
Immunohistochemistry Serial 3 µm thick sections were prepared. The first and last sections were stained with hematoxylin-eosin for confirmation of the pathological diagnosis. Sections from paraffin formaldehyde-fixed blocks were deparaffinized in xylene and dehydrated in a gradient of ethanol. When necessary, an antigen retrieval method was employed. Intrinsic peroxidase activity was blocked with 0.3% hydrogen peroxide in methanol for 30 min at room temperature. Sections were subsequently washed in distilled water and 0.01 mol/liter phosphatebuffered saline (PBS). Sections were then incubated with 1% normal goat serum for the polyclonal antibody, or 1% normal rabbit serum for the monoclonal antibody, in PBS for 30 min at room temperature, followed by an overnight incubation with the primary antibody at 4°C. The dilutions of primary antibodies employed in this study are summarized in Table I . The sections were then incubated with biotinylated goat anti-rabbit IgG for polyclonal primary antibodies, or biotinylated rabbit anti-mouse IgG for monoclonal antibodies (Histofine Kit; Nichirei, Tokyo), and with horseradish peroxidase-conjugated streptoavidin (Nichirei). Sections were developed with 3,3′-diaminobenzidine (DAB) and counterstained with hematoxylin. As a negative control for immunostaining, sections were incubated with 0.01 mol/liter PBS, or normal mouse, or rabbit IgG, instead of primary antibodies. No specific immunoreactivity was detected in these tissue sections. Specificity of immunoreactivity was also confirmed by preabsorption of anti-RAR serum, anti-RXR α, or anti-RXR γ with the respective immunizing peptide (sc-551P, sc-552P, sc-550P, sc-553P, and sc-555P obtained from Santa Cruz Co., Ltd.) for 18 h at 4°C prior to the immunohistochemical procedure. Each antibody was incubated with a five-fold (by weight) excess of the respective immunizing peptide. Scoring of immunoreactivity For evaluation of Ki67, retinoid receptors and steroid receptors, scoring in proliferative lesions were evaluated independently by two of the authors (NA and TM) in high-power fields (×400) using standard light microscopy. In each case, 200-500 cells in the lesion were counted, and the percentage of immunopositive cells, i.e. the LI, was determined. Cases with discordant results between observers were simultaneously reevaluated by the same two authors using double-headed light microscopy. For p53 immunostaining, cases with 5% or more tumor cells positive for p53 nuclear immunoreactivity were designated as positive, and other cases were designated as negative according to the report by Poller et al. 39) For evaluation of c-erbB-2, cases were defined as positive only when immunoreactivity was identified on the plasma membrane. Other cases were defined as negative.
Statistical analyses
The correlation analysis between different parameters with continuous variables was assessed by Spearman's rankorder correlation coefficient. P values less than 0.05 were considered significant.
RESULTS
Immunohistochemistry of retinoid receptors
Immunoreactivities for RAR α, RXR α, RXR β, and RXR γ were all detected in the nuclei of normal ductal epithelial and myoepithelial cells, but immunoreactivity for RAR α was weak (Fig. 1) . Immunoreactivity for RAR β was detected exclusively in the nuclei of myoepithelial cells, but not of normal ductal epithelia. Immunoreactivity for RAR γ was not detected in any of the cases examined except for three cases of PDWA, two cases of ADH and 11 cases of DCIS. The distribution of LI for each subtype of retinoid receptor is summarized in Table II. RXR α LI was significantly higher in both DCIS (mean 77.9, 95% confidence interval (CI) 72.9-82.9) and ADH (mean 77.7, 95% CI 72.0-83.4) than in PDWA (mean 62.8, 95% CI 55.1-70.0) (Kruskal-Wallis, P<0.001). On the other hand, RXR β LI was significantly lower in DCIS (mean 81.5, 95% CI 77.7-85.3) than in both ADH (mean 91.1, 95% CI 89.1-93.1) and PDWA (mean 91.9, 95% CI 89.3-94.5) (Kruskal-Wallis, P=0.0001). There were no other differences in retinoid receptor subtype LIs among PDWA, ADH, and DCIS.
In DCIS, RAR α LI was significantly correlated with Ki67 LI (Spearman's rank test, P=0.0040), and this correlation was especially marked in ER α-positive DCIS cases (Fig. 2) . There was no such correlation detected in PDWA or ADH cases. There was no significant correlation between Ki67 LI and the LI for any other retinoid receptor in any histological category. RXR α LI was significantly correlated with ER α LI in PDWA and ADH (Spearman's rank test, P=0.0253 and P=0.0331, respectively). In DCIS, RXR α LI tended to be correlated with ER α LI, but this correlation did not reach statistical significance.
There was no significant correlation between RAR α LI and LI for any of the subtypes of RXR in DCIS cases. Among RXRs, RXR α and RXR β were significantly correlated (Spearman's rank test, P<0.001), as were RXR α LI and RXR γ LI (Spearman's rank test, P<0.01). Both RXR β LI and RXR γ LI were higher in cases with necrosis than in those without necrosis (Table III) . There was no significant correlation between RAR α LI or LI for any subtype of RXR and immunoreactivity for c-erbB-2 or p53 in DCIS (data not shown). On the other hand, there was no significant correlation between RAR α LI and LI for any subtype of RXR in ADH and PDWA cases, and there was also no significant correlation among RXRs (data not shown).
DISCUSSION
Retinoids are potent chemopreventive agents utilized in the treatment regimes for various malignant neoplasms, including breast cancer. Retinoid receptors, RARs and RXRs, in target cells are essential for retinoid action. We studied the expression of these receptors in intraductal proliferative lesions of human breast by immunohistochemistry. Marked variations were detected in the patterns of expression of retinoid receptors, RAR α, RAR β, RAR γ, RXR α, RXR β, and RXR γ, in DCIS and other intraductal proliferative lesions of human breast. Chambon 19) noted that the retinoid receptor subtypes showed specific patterns of expression during embryonic development and within different organs in adults, suggesting that the spatial and temporal expression patterns of retinoid receptor subtypes regulate the expression of distinct genes in various tissues. Therefore, our results suggest that different mechanisms may be involved in the regulation of retinoid receptor expression in these breast disorders. Among retinoid receptor subtypes, immunoreactivity for RAR α, RXR α, RXR β and RXR γ was widely distributed compared to that for RAR β and RAR γ in DCIS and intraductal proliferative lesions, such as PDWA or ADH. Our findings appear to indicate that retinoid actions mediated via RXRs are predominant over those mediated via RARs. In head and neck squamous cell carcinoma cells, retinoid receptors are involved in the growth-inhibitory effects of retinoids, and RXR-RAR heterodimers rather than RXR-RXR homodimers are considered to be the major mediators of growth inhibition by retinoids. 40) In addition, RAR-RXR heterodimers are reported to play an important role in mediating the growth-inhibitory effects of most retinoids in human bronchial epithelial cells. 27) The results of these previously reported studies suggest that RAR-RXR heterodimers are Chemoprevention has been frequently used in the management of cancer. Retinoids are considered potent agents for chemoprevention of various malignant neoplasms. 3, 26, 27) Our study demonstrated that RAR α LI was significantly correlated with Ki67 LI in DCIS, especially that of hormone-dependent DCIS, that is, ER-positive DCIS. This observation is compatible with a previous report that indicated a positive correlation between the expression of RAR α and proliferative activity. 24) Cell proliferation of ER-positive breast cancer has been reported to be inhibited by retinoic acid, likely via RAR α. [29] [30] [31] These results suggest that, in ER-positive ductal carcinoma with a high proliferative rate, retinoids can inhibit the proliferation of tumor cells through their binding to RAR α. Therefore, retinoids may be of use in the prevention of intraductal carcinoma of human breast in the high-risk group of patients, such as those diagnosed with ADH.
There are few studies that have investigated the expression of RXRs in human breast cancer, especially in DCIS. 28) RXR α LI was significantly higher in both DCIS and ADH than in PDWA, but RXR β LI was significantly lower in DCIS than in both ADH and PDWA. The differences of LI were relatively small compared to the LIs of RXR α or RXR β in these lesions. However, further investigations are needed to clarify the differences of these RXR subtypes among PDWA, ADH, and DCIS because the function of each RXR subtype in the mammary gland has yet to be clearly defined. In addition, RXR α LI and ER α LI were both significantly correlated in PDWA and ADH, but not in DCIS. Some recent studies have demonstrated an interaction between estrogen action and RXRs/ or 9-cis retinoic acid and/or peroxisome proliferator-activated receptors. 23, 41, 42) Results from our study are also consistent with those of other investigators, but further investigations are required to clarify the exact role of retinoid receptor subtypes in breast carcinoma.
